As a preliminary screening test for the trypanocidal activity against epimastigotes of Trypanosoma cruzi in vitro, we examined some crude extracts of Mexican medicinal plants.
T. cruzi is the etiological agent for Chagas' disease (American trypanosomiasis), one of the most serious protozoan diseases in Latin America. Then we started on identification of the principal compounds of the active extracts seeking new chemotherapeutic agents for Chagas' disease. Lignans 2) from Guaco (roots of Aristolochia taliscana) and xanthones 3) from Bari (stems of Calophyllum brasiliense) were isolated as active components against epimastigotes in vitro.
T. cruzi exhibits three developmental stages: epimastigote in the insect gut; trypomastigote, an infectious form in the mammalian blood stream; and an amastigote, a proliferative form in mammalian cells. In this paper we describe the results of continuous preliminary screening tests for trypanocidal activity against trypomastigotes as well as against epimastigotes in some Mexican plants.
The edible fruit of Persea americana MILL. (Lauraceae), avocado, is grown throughout the tropics worldwides. The MeOH extract of seeds of Persea americana also showed moderate activity in the screening test. Herein we also describe the identification of the active constituents in seeds of P. americana.
MATERIALS AND METHODS

Plant Materials and Preparation of Their Extracts
Plant materials were mainly purchased at a medicinal plant market in Guadalajara, Jalisco, and collected in the fields. Identification of the plants was done by M. A. Martinez-Alfaro, one of the co-authors. The voucher specimens were deposited in the Herbarium of Jardín Botánico del Instituto de Biologia, Universidad Nacional Autonoma de Mexico.
The plants examined are listed in Table 1 including those referred to in ref. 2 . Dried and powdered materials were extracted with MeOH or MeOH-CH 2 Cl 2 at room temperature overnight. In the case of fresh materials, chopped materials were soaked in MeOH and filtered. The residue was extracted again with MeOH. The solvent was concentrated in vacuo to give each extract.
Cultivation of T. cruzi The strain of T. cruzi used in this study and the cultivation method of epimastigotes were the same as those described in the previous paper.
2) The trypomastigotes were harvested from the culture supernatant of rhesus monkey kidney (LLC-MK2) cells infected with T. cruzi as described in the previous paper. 4, 5) LLC-MK-2 cells were maintained in DMEM containing 10% FBS at 37°C under 5% CO 2 . After inoculation of trypomastigotes into LLC-MK2 cells, the medium was changed to DMEM containing 10% NCS.
Instruments and Reagents The instruments and reagents used in this study are the same as those described in the preceding paper.
1)
Trypanocidal Assay The detailed assay procedure against epimastigotes was described in the previous paper.
2) The activity was expressed as the MC 100 value (mg/ml or mM), which was defined as the minimum concentration at which all the epimastigotes were terminated after incubation for 24 h at 26°C. Assay procedure against trypomastigotes was described in the previous paper. 3, 4) The activity was expressed as the MC 100 value as in the case of epimastigotes after 24-incubation at 37°C under 5% CO 2 . IC 50 values were estimated using Cell Counting Kit-8 as described in the preceding paper.
Assay of Cytotoxicity The cytotoxicity of isolated compounds against human uterine carcinoma (HeLa) cells was examined using a modified MTT assay. Extraction and Isolation of the Active Constituents from the Seeds of P. americana Seeds of P. americana were gathered from imported avocados. Dried and powdered seeds (340 g) were extracted with MeOH (1 l) under reflux for 1 h and filtered. Further extraction for 30 min was done twice. The filtrates were combined, concentrated and dried in vacuo to give a dark brown residue (49.2 g) (MC 100 : 500 mg/ml). The residue was suspended in 60% MeOH and centrifuged. The precipitates were extracted with MeOH, and then with AcOEt. The supernatant of 60% MeOH was passed through a column of styrene polymer, Diaion HP-20, and the column was washed with 60% MeOH to give fraction 1. The MeOH soluble part of the precipitates was passed through the same column and the column was washed again with MeOH to give fraction 2. The AcOEt soluble part of the precipitates was treated in the same way to give fraction 3. Each eluate was concentrated and dried in vacuo to obtain a brown resin: 60% MeOH eluate (fr. 
RESULTS AND DISCUSSION
As part of our ongoing study on trypanocidal constituents in plants, we have proceeded with the screening of trypanocidal activity of some Mexican plants. The list of crude extracts newly examined is shown in Table 1 with scientific names, local names and parts examined. Annotated extracts were previously examined in ref. 2 against epimastigotes only. The list is comprised of 41 families and 65 species. In the previous paper, we screened trypanocidal activity against epimastigotes, stage form in the insect gut. This time we also examined trypanocidal activity against trypomastigotes, infectious form in the mammalian blood stream. The activity against epimastigotes and trypomastigotes is shown by marks ϩϩϩ, ϩϩ, ϩ and Ϫ. Each mark means MC 100 value (mg/ml) to be Ͻ125, 125-250, 250-500 andϾ500, respectively. In the case of epimastigotes only one extract out of 71 extracts showed strong activity and 10 extracts showed weak activity. On the contrary, 39 extracts showed activity against trypomastigotes so far. It seems that trypomastigotes are more sensitive than epimastigotes.
The MeOH extract of seeds of P. americana showed moderate activity against epimastigotes. When the MeOH extract was separated into 3 fractions (frs. 1-3) by a polystyrene column (Diaion HP-20), activity was observed in the less polar fraction 2 eluted with MeOH. Fraction 2 was subjected to various kinds of chromatography to afford three 1,2,4-trihydroxyheptadec-16-ene derivatives (1-3), three 1,2,4-trihydroxyheptadec-16-yne derivatives (4-6), and two 1,2,4-trihydroxynonadecane derivatives (7, 8) . Compounds 1-7 were identified to be 1,2,4-trihydroxy-derivatives of C17 or C19 long-chain compounds by analyses of MS and NMR spectra as well as the comparison of physical data with those reported from fruits and seeds of the same plants. [7] [8] [9] [10] [11] [12] Compound 8 was obtained as a solid. The molecular formula of 8, two hydrogen less than 7, C 19 H 38 O 3 , was confirmed by HR-FAB-MS.
1 H-and H chemical shift correlation spectroscopy (COSY) spectrum. Therefore, the olefinic linkage was located at C-6,7 and the structure of 8 was determined to be (E)-1,2,4-trihydroxynonadec-6-ene.
MC 100 values of these compounds and berberine chloride 3) are listed in Table 2 . IC 50 values against epimastigotes were estimated as described in the preceding paper 1) and are shown in Table 2 .
In the case of withanolides 1) and xanthones 3, 4) as well as many MeOH extracts, trypanocidal activity against trypomastigotes is stronger than that against epimastigotes. However, all 1,2,4-trihydroxyheptadecane and 1,2,4-trihydroxynonadecane derivatives obtained from seeds of P. americana showed almost the same activity against epimastigotes and trypomastigotes. The value of MC 100 (E)/MC 100 (T) ranged only from 0.75 to 1.40. It might be due to the difference of mode of action. Transformation of the terminal 16-ene group to a 16-yne group reduced the activity. There was a small difference of activity between 1-acetoxy/4-acetoxy and the length of the carbon chain, C17/C19. Selective toxicity [IC 50 (HeLa)/IC 50 (T. cruzi)] of 1-8 is rather small (0.60-2.23) in the case of epimastigotes. Considering that these compounds are also contained in edible fruits, further assay in vivo is to be desired although the same small selective toxicity is predicted in the case of infectious trypomastigotes. These compounds have been described previously as the bitter, 7) antifungal, 9, 13) antibacterial, 7, 14) cytotoxic 10) and insecticidal 10) constituents in various parts of P. americana. This is the first reference to the trypanocidal activity of these types of compounds. Chemical investigation of the other active plant extracts and bioassay in vivo are now in progress. Vol 
Family
Scientific name Local name Part (Ͻ125 mg/ml, ϩϩϩ; 125-250 mg/ml, ϩϩ; 250-500 mg/ml, ϩ; Ͼ500 mg/ml, Ϫ). Activity against epimastigotes is (Ϫ) unless otherwise mentioned. b) Extracted with MeOH unless otherwise mentioned. (S, seeds; L, leaves; T, twigs; R, roots; LT, leaves and twigs; G, ground parts; B, barks; Fl, flowers; Fr, fruits). c) MC 100 value against epimastigotes is (ϩ) in vitro. d) Extracted with CH 2 Cl 2 . e) MC 100 value against epimastigotes is (ϩϩϩ) in vitro. 
